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of Facu
d hostin
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013.10.0Abstract This paper presents the development of a new three-dimensional brick ﬁnite element by
the use of the strain based approach for the linear analysis of plate bending. The developed element
has the three essential external degrees of freedom (U, V andW) at each of the eight corner nodes as
well as at the centroidal node. The displacement ﬁeld of the developed element is based on assumed
functions for the various strains satisfying the compatibility equations and the static condensation
technique is used for the internal node. The performance of this element is evaluated on several
problems related to thick and thin plate bending in linear analysis. The obtained results show
the good performances and accuracy of the present element.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
Great attention has been oriented to the plate elements based
on the Reissner/Mindlin theory [1,2] which takes into account
the shear effect. Other research works have been given to the
three-dimensional elements [3,4], for the thick plates in bend-
ing. However, these elements tend to cause undesirable shear
locking phenomena when dealing with thin plates. By using
higher order elements, these locking phenomena are reduced3 772 80 61 43.
(L. Belounar), guer.khelifa@
lty of Engineering, Alexandria
g by Elsevier
ng by Elsevier B.V. on behalf of F
04but the computational effort becomes larger. Most of the at-
tempts to alleviate this problem have resorted to the use of
techniques based on reduced integration [5]. Other formula-
tions have been established to develop robust three-dimen-
sional elements [6–16], which allow preventing shear locking
when dealing with thin structures.
As an alternative for displacement models, the strain based
approach has been used to develop robust elements. The ﬁrst
elements developed are curved elements [17,18] then extended
to plane elasticity [19–21], three-dimensional elasticity ele-
ments [22] and Reissner/Mindlin plate elements [23]. As the
continuation of developing strain based elements, many at-
tempts were made by other researchers [24–29]. The formula-
tion of the ﬁnite elements based on the strain approach is
that in this approach we start interpolating the strains that al-
low having better accuracy on stresses, strains and displace-
ments [17–29]. There are two essential components to any
displacement ﬁeld. The ﬁrst component relates to rigid body
modes of displacements and the second component is due to
the straining of the element. The strain based approachaculty of Engineering, Alexandria University.
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Figure 1 Brick element with U, V, and W degrees of freedom at
each of the nine nodes.
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Figure 2 Square plate bending with various conditions
(E= 10.92, m= 0.3 and the shear factor k= 5/6).
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Figure 3 Non-dimensional central deﬂection of a simply
96 L. Belounar, K. Guerraicheprovides many advantages which are as follows: easy satisfac-
tion of the convergence criteria, independent functions for the
various components of strain insofar as it is allowed by the
compatibility equations and enrichment of the displacement
ﬁeld by higher order terms without introducing non-essential
degrees of freedom. The displacement ﬁeld is obtained by inte-
grating the strains.
In this paper a new brick ﬁnite element based on the strain
approach and with a modiﬁed elasticity matrix [22,6,30,15] is
presented for the linear analysis of either thin or thick plate
bending. This new element named SBB (Strain Based Brick)
possesses eight corner nodes as well as the centroidal node with
the three essential external degrees of freedom (U, V andW) at
each node. In developing the present element the static conden-
sation technique [20,29,31] is used and the in-plane bending
strains (ex, ey and cxy) have been enriched with terms in x
and y that produce further improvement in the convergence
of the results. This element is examined and compared with
other elements through a deep numerical evaluation which
conﬁrms the good performance of the strain based approach.
2. Theoretical considerations
The strain components and the compatibility equations for the
three-dimensional linear analyses are respectively given by the
following:0 20 40 60 80 100 120 140 160 180 200 220 240 260
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supported plate with a uniform load ((WD/ql4) · 100).
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where ex, ey and ez are the normal strains, and cxy, cyz, czx are
the shear strains. The displacements in the x, y and z directions
are U, V and W respectively.
The stress–strain relationship for homogenous isotropic
plates in bending [6,15,22,30] is given by Eq. (3). The elasticity
matrix [D] is modiﬁed on the basic of plane stress and by
including shear coefﬁcient factor. The plane stress constants0 20 40 60 80 100 120 140 160 180 200 220 240 260
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Figure 4 Non-dimensional central deﬂection of a simply suintroduced in the elasticity matrix [D] aim to take into account
that the normal stress rz of the middle plane is negligible. The
modiﬁcation of the constants of the elasticity matrix aims to
soften the element stiffness matrix in order to represent the reel
behaviour of plates in bending, either thick or thin (plane
stress formulation with constant transverse shear).
rx
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2
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¼ Eð1 m2Þ
1 m 0 0 0 0
m 1 0 0 0 0
0 0 d33 0 0 0
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0 0 0 0 0 kd44
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frg ¼ ½Dfeg
where rx, ry and rz are the normal stresses and sxy, syz and szx
are the shear stresses. The constants are deﬁned as follows:
d33 ¼ ð1 mÞ
2
ð1 2mÞ ; d44 ¼
ð1 mÞ
2
; k ¼ 5=6
where G, m, E and k are respectively shear modulus, Poisson’s
ratio, Young’s modulus and shear factor
3. Formulation of the developed element
The displacement ﬁeld (U, V and W) is divided into two com-
ponents where the ﬁrst component relates to rigid body modes0 20 40 60 80 100 120 140 160 180 200 220 240 260
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pported plate with a concentrated load ((WD/pl2) · 100).
98 L. Belounar, K. Guerraicheof displacements (UR, VR andWR) and the second is due to the
straining of the element (US, VS and WS).
U ¼ UR þUS; V ¼ VR þ VS; W ¼ WR þWS ð4Þ
The present element has nine nodes and three degrees of free-
dom (U, V andW) at each of the eight corner nodes and at the
additional internal node as shown in Fig. 1. This element is
used after statically condensing the degrees of freedom at the
internal centroidal node. Thus the shape function (U, V and
W) for this brick element contains 27 constants (a1, a2, . . .,
a27). Having used six of these (a1, a2, . . ., a6) to represent the
rigid body displacements (UR, VR and WR), the remaining 21
constants (a7, a8, . . ., a27) are available for expressing the
deformation of the element.
As stated previously the rigid body modes of displacements
(UR, VR and WR) can be obtained by equating Eq. (1) to zero
and after integration we have the following:
UR ¼ a1 þ a4yþ a6z; VR ¼ a2  a4x a5z;
WR ¼ a3 þ a5y a6x ð5Þ
These equations give the shape function of the element cor-
responding to the six components of strain free-rigid body dis-
placement, and require the six constants (a1, a2, ..., a6).
The remaining 21 constants (a7, a8, ..., a27) are apportioned
among the six imposed strains as follows:0 20 40 60 80 100 120 140 160 180 200 220 240 260
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Figure 5 Non-dimensional central deﬂection of a claexx ¼ a7 þ a8yþ a9zþ a10yzþ a11x
eyy ¼ a12 þ a13xþ a14zþ a15xzþ a11y
ezz ¼ a16 þ a17xþ a18yþ a19xyþ a11z
cxy ¼ a20 þ a21zþ a22xþ a23y a19z2
cyz ¼ a24 þ a25x a10x2
cxz ¼ a26 þ a27y a15y2
ð6Þ
The strain functions of the present element given above sat-
isfy the compatibility Eq. (2). And these given by Eq. (6) are
equated to the corresponding expression in terms of (US, VS
and WS) from Eq. (1) and the resulting equations are inte-
grated to obtain the following
US ¼ a7xþ a8xyþ a9xzþ a10xyzþ 0:5a11x2  0:5a13y2
 0:5a15y2z 0:5a17z2  0:5a19yz2 þ 0:5a20y
þ 0:5a21yz 0:5a25yzþ 0:5a23y2 þ 0:5a26zþ 0:5a27yz
VS ¼ 0:5a8x2  0:5a10x2zþ 0:5a11y2 þ a12yþ a13yxþ a14yz
þ a15xyz 0:5a18z2  0:5a19xz2 þ 0:5a20xþ 0:5a21xz
þ 0:5a22x2 þ 0:5a24zþ 0:5a25xz 0:5a27xz
WS ¼ 0:5a9x2  0:5a10x2yþ 0:5a11z2  0:5a14y2  0:5a15xy2
þ a16zþ a17xzþ a18yzþ a19xyz 0:5a21xyþ 0:5a24y
þ 0:5a25xyþ 0:5a26xþ 0:5a27xy
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A new strain based brick element for plate bending 99The complete shape functions are the sum of the corre-
sponding expressions from Eqs. (7) and (5) as given by Eq. (4)
U ¼ a1 þ a4yþ a6zþ a7xþ a8xyþ a9xzþ a10xyz
þ 0:5a11x2  0:5a13y2  0:5a15y2z 0:5a17z2
 0:5a19yz2 þ 0:5a20yþ 0:5a21yz 0:5a25yzþ 0:5a23y2
þ 0:5a26zþ 0:5a27yz
V ¼ a2  a4x a5z 0:5a8x2  0:5a10x2zþ 0:5a11y2
þ a12yþ a13yxþ a14yzþ a15xyz 0:5a18z2
 0:5a19xz2 þ 0:5a20xþ 0:5a21xzþ 0:5a22x2
þ 0:5a24zþ 0:5a25xz 0:5a27xz
W ¼ a3 þ a5y a6x 0:5a9x2  0:5a10x2yþ 0:5a11z2
 0:5a14y2  0:5a15xy2 þ a16zþ a17xzþ a18yz
þ a19xyz 0:5a21xyþ 0:5a24yþ 0:5a25xy
þ 0:5a26xþ 0:5a27xy
ð8Þ
The present brick element SBB which its displacement ﬁeld
contains quadratic terms in x, y and z posses nine nodes and 27
degrees of freedom and since the matrix [C] of the developed
element which relates the 27 nodal displacements to the 27
constants a1 to a27 is not singular, its inverse exists. Following
the well-known procedure for displacement type ﬁnite ele-
ments [4], the stiffness matrix [Ke] for the 3D element can be
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Figure 6 Non-dimensional central deﬂection of a clamp½Ke ¼
Z
½BT½D½BdV ð9Þ
where the strain matrix [B] is given as follows:
½B ¼ ½Q½C1 ð10Þ
Hence
½Ke ¼ ½CT
Z
½½Qðx; y; zÞT½D½½Qðx; y; zÞdV
 
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}K0 ½C
1
¼ ½CT½K0½C1 ð11Þ
where
½K0 ¼
Z 1
1
Z 1
1
Z 1
1
½QT½D½Q det jJjd1dgdf ð12Þ
where [Q], [J] and [D] are the strain, the Jacobian and the elas-
ticity matrices respectively, the matrix [K0] given by Eq. (12) is
numerically evaluated and the matrices [C] and [Q] are given in
the appendix.
4. Numerical validation
4.1. Square plate bending with various conditions
Square plates of length L with various boundary conditions
loaded with either a uniform load or with a concentrated load
at the centre are studied for thickness ratios (L/h= 10, 100,0 20 40 60 80 100 120 140 160 180 200 220 240 260
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ed plate with a concentrated load ((WD/pl2) · 100).
(a) Concentrated load (b) Distributed load 
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Figure 7 Inﬂuence of (L/h) on the central deﬂection (W/Wref) of simply supported plates.
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Figure 8 Inﬂuence of (L/h) on the central deﬂection (WC/Wref) of clamped plates.
Figure 9 Square plate with two clamped edges and two free
edges.
Table 1 Square plate with two clamped edges and two free
edges (P= 100, L= 10, h= 0.4, E= 3600 and m= 0.3).
Mesh Free corner deﬂection (w)
DBB8 SBH8 SBB
2 · 2 6.730 030.29 052.86
4 · 4 24.80 114.65 143.50
6 · 6 45.41 134.21 136.80
8 · 8 64.19 138.54 139.80
9 · 9 71.91 139.44 139.90
Reference solution 139.07
Table 2 Square plate with two clamped edges and two free
edges (q= 0.9, L= 10, h= 0.4, E= 3600 and m= 0.3).
Mesh Free corner deﬂection (w)
DBB8 SBH8 SBB
2 · 2 0.9496 3.775 2.705
4 · 4 3.036 14.850 14.11
6 · 6 5.504 17.858 18.05
8 · 8 7.854 18.489 18.61
9 · 9 8.846 18.571 18.65
Reference solution 18.64
x
y
z
4(F/4)
4(F/4)
(a)
(b)
Figure 10 Cantilever beam with different Poisson’s ratios
(F= 300, E= 107, and m= 0.3–0.4999999).
100 L. Belounar, K. Guerraiche
A new strain based brick element for plate bending 101and 500). Due to symmetry conditions, the quarter of the plate
is modelled (Fig. 2). The reference solutions for thin plates (L/
h= 100, and 500) are taken from Timoshenko [32] whereas
for the thick plates (L/h= 10) are taken from Jirousek et al.
[33] for the uniform load and from the numerical results given
by Yuan and Miller [34] for the concentrated load.
The results of the central deﬂection for the SBB element ob-
tained with different meshes are presented and compared with
those of other elements and with the reference solutions in
(Figs. 3–6). It can be seen that the present element SBB has
quite rapid rate of convergence to reference solutions for thick
and thin plates and is in good agreement with other numericalTable 3 Normalised tip defection for cantilever beam with
different Poisson’s ratios.
Poisson’s ratio SBB RGH4a PN5X1a Theory(103)a
Mesh (a)
0.3 1,004 0.976 1.032 7.7340
0.4 1,004 0.975 1.028 7.7520
0.49 1,007 0.972 1.026 7.7682
0.499 1,007 0.972 1.025 7.7698
0.4999 1,007 0.972 1.014 7.7699
0.49999 1,007 0.972 1.013 7.7699
0.4900000 1,007 0.972 1.013 7.7699
0.49999999 1,007 0.972 1.013 7.7699
Mesh (b)
0.3 1.005 – 1.032 7.7340
0.4 1.007 0.829 1.028 7.7520
0.49 1.008 0.850 1.026 7.7682
0.499 1.008 0.874 1.025 7.7698
0.4999 1.008 0.877 1.015 7.7699
0.49999 1.008 0.877 1.013 7.7699
0.4900000 1.008 0.877 1.013 7.7699
0.49999999 1.008 – 1.013 7.7699
a Source: Bassayya and Shriniva [8].
L 
e 
h 
P
P
P
P
x
y
z
Figure 11 Single element aspect ratio sensitivity test
(E= 207 · 109 N/m2, m= 0.25, h= e= 0, 12 m, P= 6900 N
and L/h= 1–16).
Table 4 Normalised tip deﬂection for single element aspect ratio se
Aspect ratio SBB PN5X1b FC C
1 1.0 1.0 0.938
2 1.0 1.0 0.937
4 1.0 1.0 0.937
8 1.0 1.0 0.937
16 1.0 1.0 0.937
a Source: Bassayya, Bhattacharya and Shriniva [38].
b Source: Bassayya and Shriniva [8].results. The developed element does not suffer from any shear
locking phenomena since it converges to the Kirchhoff solu-
tions for thin plates, contrarily for the displacement brick ele-
ment DBB8. The SBB element behaves better than the SBH8
element [22] for thin and very thin (L/h= 500).
4.2. The effect of L/h ratio on the central deﬂection of square
plates
Plates with various conditions (loading and boundary condi-
tions) are studied for several values of (L/h) ratio. The effect
of L/h named as shear locking test for plate bending problems
has been treated by many researchers [22,35,36]. The results
presented in (Figs. 7 and 8) are given for 10 · 10 meshes in
terms of the central deﬂection to the reference Kirchhoff solu-
tion [32]. It is shown that the strain based elements (SBH8,
SBB) are free from any shear locking contrarily for the dis-
placement element DBB8.
4.3. Square plate with two clamped edges and two free edges
The square plate with two clamped edges and free at the other
edges (Fig. 9) is considered. Two loading cases are examined, a
concentrated load (p) at the free corner and a uniform load (q).
The reference solution for the free corner displacement is given
by [37] for a mesh of 30 · 30 elements.
Results in Tables 1 and 2, show that the convergence to the
reference solution is quite rapid with the (SBB) element, in
contrast to the displacement element DBB8. The good perfor-
mances of the strain based elements (SBB and SBH8) are
conﬁrmed.nsitivity test.
SA/NASTRANa PN340a Theory · (106)a
1.0 3.333
1.0 13.33
1.0 53.33
1.0 213.3
– 853.3
Parallelepiped Shape element 
45o
45o45o 
4(P/4) 
(d) 
b 
h L 2(M/2) 
4(p/4) 
(a)
(b) 4(p/4) 
(c) Regular Shape element 
 Trapezoïdal Shape element
Figure 12 MacNeal’s elongated beam (P= 1, M= 10, L= 6,
h= 0.2, E= 107, m= 0.3 and b= 0.1).
102 L. Belounar, K. Guerraiche4.4. Cantilever beam with different Poisson’s ratios
The beam is subjected to end shear loading (Fig. 10) and
the element SBB is tested with the Poisson’s ratios varying
(0.3–0.4999999) [8] and compared with other elements.
The results given in Table 3 conﬁrm that the developed
element is free from locking even at v= 0.4999999 con-
trarily for the RGH4 element [8] with material nearly
incompressible.(A1) 
(A2) (A3)
(A4) (A5)
(A6) 
(A7)
P1 
P1
P1
P1 
P
P
P P
1 1
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Figure 13 Cheung and Chen beam tests (P1
Table 5 Normalised deﬂection for MacNeal’s elongated beam.
Element shape Load type Normalised deﬂection at the
SBB HEX8a H
Regular Load type (a) 0.980 0.981 0
Load type (b) 0.991 – –
Load type (C) 0.980 0.981 0
Load type (d) 0.995 – 0
Trapezoidal Load type (a) 0.980 0.069 0
Load type (b) 0.990 – –
Load type (C) 0.979 0.051 0
Load type (d) 1.029 – 0
Parallelepiped Load type (a) 0.980 0.080 0
Load type (b) 0.990 – –
Load type (C) 0.979 0.055 0
Load type (d) 1.001 – 0
a Source: Bassayya, bhattacharya and Shriniva [38].
b Source: Bassayya and Shriniva [8].4.5. Single element aspect ratio sensitivity test
This test is designed to evaluate the sensitivity of an element
for locking when the aspect ratio is high (Fig. 11). The aspect
ratio (length to depth) is taken as high as 16 and the bending
moment is applied. The results in terms of the calculated ver-
tical displacements (Table 4) show that the developed element
does not lock even for high aspect ratios and these results are
exactly equal to theoretical value for all the aspect ratios.Mesh 
Coord A2 A3 A4 A5 A6 
X1 5 5 5 5 2 
X2 5 5 4 6 8 
X3 5 6 5 6 8 
X4 5 6 6 5 2 
x
y
z
3
3
4
4
4
= 1000, P= 150, E= 1500, m= 0.25).
free end (W)
EX20a ANSYSa PN340a PN34a PN5X1b
.970 0.982 0.982 0.981 0.998
– – – 0.999
.961 0.980 0.980 0.981 1.000
.994 – – – 0.985
.886 0.065 0.065 0.982 0.999
– – – 1.000
.920 0.370 0.370 0.051 0.996
.994 – – – 0.988
.967 0.620 0.620 0.980 0.997
– – – 1.000
.941 0.547 0.547 0.055 0.998
.994 – – – 0.989
Table 6 Normalised deﬂection at the free end for Cheung and Chen beam tests (pure bending).
Mesh C3D8a C3D8Ia Wilson_H8a HVCC8a HVCC86EMa SBB
A1 0.0956 1.0000 1.0000 1.0000 1.0000 1.000
A2 0.3382 1.0000 1.0000 1.0000 1.0000 1.000
A3 0.2684 0.8756 0.9397 1.0027 1.0039 1.000
A4 0.2529 0.7652 0.8962 1.0020 1.0033 1,004
A5 0.2441 0.7738 0.8836 1.0000 1.0000 1.000
A6 0.0919 0.4516 0.7875 1.0000 1.0000 1,009
A7 0.8013 0.9956 0.9826 1.0000 1.0000 1.000
a Source: [40].
Table 7 Normalised deﬂection at the free end for Cheung and Chen beam tests (shear load).
Mesh C3D8a C3D8Ia Wilson_H8a HCCC8a HVCC86EMa SBB
A1 0.0942 0.7554 0.7554 0.7554 0.7554 0,7820
A2 0.3329 0.9367 0.9340 0.9340 0.9366 0.9737
A3 0.2648 0.8445 0.8773 0.9254 0.9368 0.9553
A4 0.2692 0.7696 0.8479 0.9295 0.9441 0.9628
A5 0.2485 0.7658 0.8491 0.9383 0.9408 0.9878
A6 0.1330 0.4800 0.8723 1.2292 1.2302 1.0620
A7 0.8690 0.9536 0.9770 0.9999 1.0004 1.0210
a Source: [40].
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The problem of a cantilever beam shown in Fig. 12 has been trea-
ted by MacNeal and Harder [39] and by many researches [8,38].
This is considered as slender beam tests for in-plane, out-of plane
shear, unit tensile and constant bending moment loads.
The results of the normalised deﬂection at the free end pre-
sented in Table 5 show that the strain based element exhibits
excellent performance, quite well for all types of loading and
overcomes the locking phenomena contrarily for other ele-
ments (ANSYS, PN340 and PN34) given in Ref. [38].
4.7. Cheung and Chen beam tests
This problem was proposed by Cheung and Chen and treated in
Ref. [40] for testing the performance of hexahedral elements. Se-
ven different mesh divisions are taken as shown in Fig. 13. The
effect of element geometric distortions on the accuracy of results
is studied and the results are given in Tables 6 and 7. It can be
seen that the developed element models the exact solution for
pure bending and it still produces better results for shear. The
strain based element (SBB) behaves in similar way as for the ele-
ments (HVCC8 and HVCC86EM) given in reference [40].
5. Conclusions
In this paper a nine node brick ﬁnite element (SBB) based on
the strain approach having the three translations at each node
is presented. Plate bending analysis with 3D brick element for
thin and thick plates is used with a change in the law of behav-
iour using the constants of plane stress and a shear correction
coefﬁcient. This element is simple and straightforward with the
essential degrees of freedom. Numerical results obtained using
the new element (SBB) show its good performance in terms of
accuracy and rate of convergence to the reference solutions forall tests. It has been found that the present element does not
suffer from any shear locking for plate bending analysis con-
trarily for the classical element DBB8 based on displacement
approach.Appendix A
The nodal displacements are given in terms of the constants a1,
. . ., a27 as:
U1
V1
U2
V2
;
;
U9
V9
2
66666666666664
3
77777777777775
¼ ½C
a1
a2
a3
a4
;
;
a26
a27
2
66666666666664
3
77777777777775
The matrix [C] (27 · 27) for the SBB element is as follows:
½C ¼
½C1
½C2
½C3
½C4
½C5
½C6
½C7
½C8
½C9
2
66666666666666664
3
77777777777777775
104 L. Belounar, K. Guerraichewhere½Ci ¼
1 0 0 yi 0 zi xi xiyi xizi xiyizi 0:5x
2
i 0 0:5y2i
0 1 0 xi zi 0 0 0:5x2i 0 0:5x2i zi 0:5y2i yi xiyi
0 0 1 0 yi xi 0 0 0:5x2i 0:5x2i yi 0:5z2i 0 0
2
64
0 0:5y2i zi 0 0:5z2i 0 0:5yiz2i 0:5yi 0:5yizi 0 0:5y2i 0 0:5yizi 0:5zi 0:5yizi
yizi xiyizi 0 0 0:5z21 0:5xiz2i 0:5xi 0:5xizi 0:5x2i 0 0:5zi 0:5xizi 0 0:5xizi
0:5y2i 0:5xiy2i zi xizi yizi xiyizi 0 0:5xiyi 0 0 0:5yi 0:5xiyi 0:5xi 0:5xiyi
3
75And xi, yi and zi are the coordinates of the nine nodes i (i= 1,
9).
The strain matrix [Q(x, y, z)] for the SBB element is as
follows:½Q ¼
0 0 0 0 0 0 1 y z yz x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 y 1 x z xz 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 z 0 0 0 0 1 x y xy 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z2 1 z x y 0 0 0 0
0 0 0 0 0 0 0 0 0 x2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 x 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 y2 0 0 0 0 0 0 0 0 0 0 1 y
2
666666664
3
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